In 1909 Garrod introduced the concept of the metabolic block. Over 70 diseases are now thought to be due to inborn errors of metabolism, and of these some 20 have been shown to be due to a single enzyme defect. We now report the clinical condition resulting from the congenital absence of the liver enzyme glycogen synthetase. Our report is based on the study of identical twins who become hypoglycaemic after an overnight fast.
Hypoglycaemia is a feature of cretinism, hypopituitarism, adrenal insufficiency, galactosaemia, hereditary fructose intolerance, severe liver disease, glycogen storage disease and islet cell adenoma or hyperplasia. In many hypoglycaemic infants, however, no cause has been found. McQuarrie (1954) reporting on a large series of these cases proposed the term 'idiopathic spontaneous hypoglycaemia'. Cochrane, Payne, Simpkiss and Woolf (1956) described patients in whom hypoglycaemia developed after protein meals, and after the administration of L-leucine. More recently Mabry, DiGeorge and Auerbach (1960) have shown that L-leucine is probably the only amino acid with this action. Broberger and Zetterstr6m (1961) described a series of hypoglycaemic infants who did not increase adrenaline secretion in response to hypoglycaemia. Our investigations show that the twins to be described have a reduced capacity for the storage of glycogen in the liver. In a liver biopsy sample from one twin, complete absence of glycogen synthetase activity has been demonstrated.
Case Reports Case 1. In April 1961 a male child aged 15 months was admitted to the General Infirmary at Leeds for investigation of mental retardation. He was the firstborn of uniovular twins. Labour and delivery were uncomplicated, the estimated gestation period was 38 weeks, and birth weight 4 lb. 5 oz. (1 9 kg.). He had a prolonged attack of apnoea 46 hours after delivery, which was treated with intragastric oxygen and lobeline, and there were further attacks of apnoea during the next 12 hours. The first feed was given 48 hours after delivery, and the baby fed by tube for the first week.
The mother first became anxious when he was 2 months old because he was not showing interest or following objects with his eyes, and because he compared unfavourably with his twin. Head control was not acquired until the age of 6 months.
A late night feed was given regularly up to the age of 7 months, after which time feeds were sometimes omitted between 6 p.m. and 6 a.m. Fron, the age of 8 months it was noticed that before the first feed of the day he was sometimes pale and showed transient internal strabismus, but that he improved rapidly after a feed. At 9 months of age an incident of this nature developed into a generalized convulsion that lasted for 15 minutes and was followed by drowsiness for an hour. There were no further frank convulsions, but pallor associated with incoordinate eye movements continued to occur before the first feed of the day.
On admission to hospital he weighed 17 lb. 4 oz. (7 8 kg.), was 28 in. (70 9 cm.) in length and was apparently well nourished. There was no detectable enlargement of the liver or spleen. His head was small [circumference 17j in. (44.4 cm.)] and the anterior fontanelle was just palpable. The arms and legs were spastic. He could raise his head momentarily from the pillow when prone, but not when supine. Hearing and vision were normal, but mental development was grossly delayed.
Urine examined on admission contained a trace of sugar, but there was no acetone or other abnormality. After an overnight fast of 15 hours he was pale, disinterested in his environment, and subject to momentary stiffening of the arms and internal strabismus. A fasting blood sugar taken at this time was 7 mg&/100 ml. blood (glucose oxidase method), and although he was hypoglycaemic the heel prick stimulated crying and the next feed was taken well. The following day the fasting blood sugar was 12 mg./100 ml.
Once fasting hypoglycaemia had been confirmed, we admitted his twin to hospital, since he also had convulsions.
Case 2. He was the second-born of the twins and was delivered by assisted breech, his birth weight being group.bmj.com on January 28, 2018 -Published by http://adc.bmj.com/ Downloaded from Uridine diphosphoglucose pyrophosphorylase was measured according to Kalckar and Anderson (1957) were hypersensitive to insulin (0-1 units of soluble insulin intravenously per kg. body weight) as shown by the fall of blood sugar from 56 to 7 mg./l00 ml. in 75 minutes. Hypoglycaemia persisted until the intravenous administration of glucose. These findings do not suggest hyperinsulinism. The oral administration of L-leucine (0-13 g. per kg. body weight given three hours after a meal) had no effect on the blood sugar level.
During a three-and-a-half-hour period, before and after the administration of insulin, urine was collected for determination of catecholamine excretion. This was not increased during insulin-induced hypeglycaerr ia. Clinically this hypoglycaemia was associated with incoordinate eye movements, yawning, a moderate rise in pulse rate, but unaltered blood pressure. These findings are similar to those made by Broberger and Zetterstrom (1961) in five of II cases of idiopathic hypoglycaemia. In order to distinguish between a failure of the nerve phase of adrenal stimulation, and a lack of intrinsic adrenal medullary response, the latter was tested with histamine (D. R. Wood, 1962, personal communication). There was no increased secretion of catecholamine following histamine (0-2 mg. subcutaneously).
Adrenocortical function was assessed by the 24-hour urine excretion of 1 7-hydroxycorticosteroids (Case I, 1-2 rrg.; Case 2, 0-64 mg.) and 17-ketosteroids (Case I. 0-8 mg.; Case 2, 0-33 mg.), and by the response to ACTH given over a four-day period to Case 1. For a control period of two days before the administration of ACTH, fasting blood sugars, urinary steroids and absolute eosinophils were determined. For four days ACTH was given subcutaneously in a dosage of five units six hourly. On this regime the fasting blood sugar rose from 20-70 mg./100 ml., the 24-hour excretion of 17-hydroxycorticosteroids rose from 2-2 to 13-2 mg., and the eosinophil count fell from 240 to 16/c.mm. These results show that the adrenal cortex is capable of responding to ACTH.
The twins had normal serum sodium, potassium, chloride, bicarbonate, urea, alkaline phosphatase. thymol turbidit), bilirubin and transaminases. The urine amino acid pattern was normal. Occasionally small amounts of ketones were present in the urine when fasting.
In order to determine whether the storage or rnobiliation of glycogen was impaired, glucagon (0-02 mg./kg. body weight) was administered intramuscularly in the fasted state and three hours after a meal. The results (Fig. 4) 
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Values given are the mean of three determinations. in Table 2 . No glycogen synthetase activity was detected. Absence of activity was confirmed by a repeat determination with three times the amount of liver, and with control determinations on normal rat liver being done simultaneously. The glycogen content of the biopsy was 0-45°0 and total lipids were 9-8% of wet weight. Biopsy samples of liver from normal young men, 14 hours after a meal, contain 4-04-6 -1 Oo glycogen (Bergstrom, Findor and Hultman, 1961) .
The histological report (Dr. T. W. Sutherland) on the liver biopsy was as follows: ' The general pattern of the lobules and portal tracts appears normal. There is no necrosis, abnormal pigmentation or cirrhosis. Sections stained for glycogen (periodic acid-Schiff method and Best's carmine) show scanty granular material in the hepatic epithelium (Fig. 5) . More abundant glycogen is present in the control section. Sections stained for fat (Oil-red 0) The periods of hypoglycaemia before breakfast are readily abolished by giving a milk and cereal feed at II p.m. and an early breakfast at 6 a.m. Attempts were made to discover a diet that would prevent hypoglycaemia in the early morDing without resorting to a regime which the mother would find difficult to carry out in the home. A high fat diet was badly tolerated and did not prevent fasting hypoglycaemia. During a three-day period a high protein diet with the last feed given at 9 p.m. resulted in fasting sugar levels 12 hours later of 5C-60 mg./ 100 ml. On their discharge from hospital, it was felt unwise to rely on a high protein diet to prevent fasting hypoglycaemia. The mother was requested to give a meal at 11 p.rr. which we knew to be effective. At home the twins sometimes refused this extra feed and on one occasion both infants had to be readmitted to hospital because hypoglycaemic symptoms and convulsions recurred in the early morning.
Treatment with ephedrine was tried in view of the twin's apparent inability to produce adrenaline in response to hypoglycaemia, and because good results had been obtained by Broberger and Zetterstrom (1961) in similar infants. Ephedrine (10 mg. daily) had no effect on the fasting blood sugar levels.
With consistently regular feeding at II p.m. the twins are no longer subject to hypoglycaemia. Recent determinations of blood sugar during the night (Fig. 2) suggests that there has been some improvement. This may be due to either increasing age or to the dietary regime.
Discusio
The outstanding clinical features of the identical twins are retarded mental development, and the occurrence of convulsions and hypoglycaemic manifestations when fasted overnight.
The salient biochemical findings are hypoglycaemia following a 12-hour fast, reduced glucose tolerance, a low blood glycogen, and a failure of glucagon to raise significantly the blood sugar in the fasted state. With the exception of the fasting hypoglycaemia, these findings can be explained by a reduced capacity to store glycogen in the liver, and suggest the possibility of an enzyme defect in the synthesis of glycogen.
Site of Biochemical Block. The enzymes concerned with metabolism of glucose and glycogen are shown in Fig. 6 , together with the sites of individual enzyme deficiencies which have previously been described.
In the twins (Cases I and 2), the biochemical block in the synthesis of glycogen is due to the absence of glycogen synthetase, which was demonstrated in the liver biopsy specimen. The other liver enzymes examined were normal (Table 2 ) and dietary studies indicated that the defect was not in hexokinase.
The demonstration of this enzyme defect would not have been possible until recently. The classical work on glycogenesis, carried out by Cori and Cori (1952) , suggested that muscle and liver phosphorylase, acting in conjunction with the branching and debranching enzymes, catalysed the reversible reaction between glycogen and glucose-l-phosphate. Some modification of this concept was required, however, in the light of later work by Schmid and Mahler (1959) , who showed that in McArdle's syndrome there is excess muscle glycogen, although the fundamental defect is an absence of muscle phosphorylase. This finding directed attention to the alternative route of glycogen synthesis via glycogen synthetase (Leloir and Cardini, 1957) . In this pathway uridine diphosphoglucose is converted to glycogen by glycogen synthetase. The importance of the uridine diphosphoglucose pathway in liver, as well as in muscle, is emphasized in the recent report by Hers (1959) of defective liver phosphorylase in a new type of glycogen storage disease.
In our patients, who have no glycogen synthetase in the liver, some carbohydrate stores are deposited, as shown by the positive response to glucagon after meals, and by the direct analysis of liver. This small amount of glycogen may be produced via liver phosphorylase. The appreciable response to adrenaline after a 12-hour fast may result from the breakdown of muscle glycogen to lactic acid which is then reconverted to glucose in the liver. For this reason we regard the glucagon test as a more critical index of liver glycogen storage. We do not know whether the muscles lack glycogen synthetase.
The failure of Case 2 to increase catecholamine excretion during hypoglycaemia is similar to the findings in other cases of hypoglycaemia in infancy (Broberger and Zetterstrom, 1961; Kinsbourne and Woolf, 1959; Haworth and Coodin, 1960) .
Broberger and Zetterstr6m suggest that, in children. failure of the adrenal medulla to secrete increased amounts of adrenaline results in hypoglycaemia. However, von Euler, Ikkos and Luft (1961) showed that blood sugar levels before and after administration of insulin were the same in adrenalectomized patients as in those of a normal control group provided that cortisone was given post-operatively to the former group. This suggests that in adults the adrenal medulla is not essential for maintenance of normal blood sugar. Glycogen synthetase is not known to be involved in gluconeogenesis. The following explanation of the failure of gluconeogenesis is suggested. Long, Katzin and Fry (1940) showed that administration of adrenal steroids led to an increased formation of glucose from protein. The synthesis of glucocorticoids is in turn controlled by ACTH. The latter specifically activates the adrenal enzyme, phosphorylase, which breaks down glycogen to glucose-l-phosphate and finally to glucose--phosphate (Haynes and Berthet, 1957 ). Glucose-c phosphate then enters the pentose phosphate pathway of Warburg and Dickens, making available in the adrenal cortex a supply of reduced coenzyme II, which is necessary for the 11-and 17-hydroxylations in the synthesis of cortisol (Pincus, 1959; Haynes and Berthet, 1957 
